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LO   INTRODUCTION: 

1.1 Subject: 

Specific genes within the immune and endocrine systems are likely to be the major controlling 
elements in the successful development of mouse models for mammary tumor xenografts. We 
believe that growth factors, specifically human growth hormone (hGH) and Insulin Like Growth 
Factor (IGF1) may be critically important in the successful establishment of such xenografts in an 
animal model. 

1.2 Purpose: 

The purpose of this research is to determine the role of hGH and IGF-1 in the development and 
maintainence of an immunodeficient mouse model for human breast cancer. 

1.3 Scope 

Human breast cancer growth in animal models is dependent upon an intact GH/IGF-1 axis. Based 
upon our preliminary data, we believe that hGH may be critical to the initiation of a primary breast 
neoplasm in vivo. IGF-1 may be critical to maintaining tumor growth in vivo. When the GH/IGF- 
1 axis is interrupted or impaired tumor growth may become more directly influenced by 17-ß 
estradiol. 

To test the hypothesis, the following sets of experiments have been executed to date: 

Experiment 1/Specific Aiml: Determine the amount of recombinant human growth hormone 
(rhGH)that needs to be administered to the experimental animal to result in (1) early engraftment 
of palpable tumors and (2) accelerated growth of the tumor in the scid/scid mouse model, and to 
correlate serum GH and IGF1 levels with tumor IGF1 and IGFR levels by northern and western 
analyses.  Experiments include administration of rhGH both by continuous infusion and by daily 
administration to mimic the normal circadian rhythm of human growth hormone. 

Experiment 2/Specific Aim 2: To determine the role of IGF1 in the initiation and/or the 
progression of primary breast cancer growth in a scid/scid mouse model and to correlate serum 
IGF1 with tumor IGF1 and insulin growth factor receptor (IGFR) levels by northern and western 
analyses. 

Experiment 3/ Specific Aim 3: To determine the dose of 17-ß estradiol adrninistration critical to 
tumor engraftment and progression of growth in scid/scid mice that have an impaired GH/IGF1 
axis and if exogenous 17-ß estradiol can father enhance tumor growth in animals administered 
optimal concentrations IGF1 and/or rhGH. 

The following experiments will be executed throughout the second year of funding: 

Experiment 4/Speciflc Aim 4: (to be carried out in the next planned year of research: To grow 
primary breast cancer explants in the optimized animal model. 

1.4 Background 

Development of Animal Models For The Study of Human Breast Cancer: Since the original 
report by Rygaard and Povlsen (2) that congentially athymic nude (nu/nu) mice supported the 
growth of a human colon adenocarcinoma following subcutaneous injection, these T cell-deficient 
animals have been utilized as experimental hosts for a great variety of human neoplasms. 
However, there has been only limited success in utilizing nu/nu mice as hosts for primary human 
breast carcinomas. In an extensive study of 262 infiltrating ductal carcinomas, Giovinella et al (3) 
found that only 6.1% of such primary carcinomas could be grown in nu/nu mice following 
subcutaneous injection. Moreover, the human breast carcinomas that did grow successfully in 



nu/nu mice commonly foiled to display metastatic properties (4). It has been suggested that the 
variability in success of metastatic human tumor growth in nu/nu mice may be due to background 
modifying genes (5) that may influence the growth of the human tumors or the metastasis of such 
tumors. Since there has been only limited success in growing human breast tumors in nu/nu mice, 
preliminary experiments have examined the growth of such tumors in C.B. 17 mice homozygous 
for the severe combined immunodeficiency (seid) mutation. C.B17-scid/scid mice lack T as well 
as B cells. Initial data are promising since cell line derived human breast carcinomas show 
increased take rates and grow faster in scid/scid mice than in nu/nu mice (6). However, such 
studies have been limited to the CB\l-scid/scid mouse. An added benefit to establishing a breast 
cancer model in this animal is that the scid/scid mouse can have its bone marrow reconstituted 
with human hematopoietic cells. This feature of the scid/scid mouse would allow this animal 
model to be used in experiments studying the role of human growth factors and cytokmes in 
supporting or impairing human primary tumor growth and the process of metastasis.  Use of non- 
obese diabetic (NOD) scid/scid mice may prove to be a superior animal for such experimentation 
due to impaired natural killer (NK) cell activity in addition to impaired B and T cell functioa 

The Role of Human Growth Hormone In Human Breast Cancer: A variety of growth factors 
have been identified that are mitogenic for breast cancer cell lines in vitro. The focus of this 
experimental work is to establish if alterations in the hGH/IGF-1 axis can be made that facilitate 
the engraftment and subsequent growth of a primary human breast cancer explant in an 
immunodeficient mouse model. Focus on the hGH/IGF-1 axis in the experimental animals is 
selected as an area of importance based upon the results of recent experimental results reviewed 
below. Endocrine glands providing estrogen, progesterone, glucocorticoid, and insulin are 
prominent regulators of mammary tissue growth. Moreover the protein hormones of the human 
lactogemc series - pituitary prolactin (PRL) and growth hormone (GH) plus placental lactogen 
(PL) are of unique importance because of their species specific biological properties (7). GH has 
been implicated as a growth factor for human breast cancer (8) and it has been shown that rhGH 
stimulates breast cancer growth through IGF-1 and possibly other growth factors (9). In vitro, 
insulin growth factor receptor (IGF-R), IGF-1, IGF-2 and insulin have all been shown to be 
mitogens of MCF-7 breast cancer cells (10). The mechanism of this perturbation is unknown, 
however, it is known that insulin is capable of altering the cell cycle kinetics of MCF-7 human 
breast cancer cells by facilitating their transit through the Gl phase of the cell cycle (11). In vitro 
it has been shown that estrogen and progesterone may alter the growth of breast cancers by 
regulating the insulin growth factor binding proteins (IGFBP) and thereby change the carcinoma's 
responsiveness to IGF-1 (12). In human studies, hGH (8) and IGF-I has been shown to be 
elevated (13) in operable patients with breast cancer in comparison to uneffected control patients 
and hGH IGF-1, IGF-2, and IGF-R levels may be indicators of prognosis or response to treatment 
(14,15). In another study however, experimental results suggested that in postmenapausal women 
with breast cancer, the plasma sex steroids fail to influence the concentrations of IGF-1 or IGFBP- 
1 when present in physiologic concentrations (16). Tamoxifen, an estrogen receptor blocking drug 
widely used in the adjuvant, metastatic and preventitive management of breast cancer has been 
shown to have a role in the regulation of the GH axis (17). Tamoxifen decreases serum hGH and 
IGF-I serum levels in treated patients as well as reduced IGF-I in target organs by a mechanism 
that is pituitary independent (17). These studies all seem to suggest that GH and insulin growth 
factor(s) may be critical to the establishment of an optimal millieu for the initiation and promotion 
of breast neoplasia in a patient. 

2.0 BODY OF WORK 

2.1 METHODS: Specific Aim 1 

Specific Aim 1: Determine the amount of rhGH that needs to be administered to the 
experimental animal to result in (1) early engraftment of palpable tumors and (2) accelerated 
growth of the tumor in the scid/scid mouse model, and to correlate serum GH and IGF-1 levels 
with tumor IGF-1 äftd IGF-R levels by northern and western analyses.  Experiments include 
administration Of rhGH both by continuous infusion and by daily administration to mimic the 
normal circadiati rhythm of human growth" hormone. 



Establishment of MCF7R mouse models 

The MCF7R human breast cancer cell line was used in these experiments. MCF7R cells 
are derived from the parental cell line MCF7. MCF7R cells are rendered resistant to 
chemotherapeutic drugs due to upregulation of the multiple drug resistant gene 1 (mdr-1 gene) and 
p-glycoprotein. This cell line was established by gradually forcing MCF7 cells resistant to 
vincristine. It was a gracious gift from Dr. William Hait, Yale University. The animals models 
were established by injection of 1X 106 MCF7R cells suspended in Matrigel (Becton Dickinson) 
into the mammary fat pad of experimental animals 2 days after the initiation of rhGH 
administration Animals were assessed weekly for development of tumor growth. Tumors were 
measured using Vernier caliper. Tumor volumes at each measurement were calculated using the 
equation 

v=nr2l 

where v is volume, r is the radius of the tumor and / is the length of the tumor. 

When tumor growth in experimental and control animals reached 1X1X1 cm, the animals were 
euthanized by CO2 anesthesia, the tumors harvested from the animals, and total RNA extracted. 

Selection of experimental animals 

Scid/scid mice, seid lit+A mice, scid/scid lit/Ait and TghGH scid/scid mice were used in 
this experimental aim NOD scid/scid mice served as true experimental control animals. Scid/scid 
lit/lit animals are animals that have inability to produce gonadatropin hormone releasing hormone 
and also have ineffective production of growth hormone. TghGH scid/scid mice are transgenic 
mice for human growth hormone. Seid lit+A mice are heterozygotes for the lit/lit mutation. All 
animals were obtained from The Jackson Laboratory, Bar Harbor Maine. Dr. Wesley Beamer has 
developed colonies of TghGH scid/scid mice and scid/scid lit/lit mice in his laboratories. Funding 
from this research effort has made it possible to obtain animals from Dr. Beamer. 

Administration of recombinant human growth hormone 

Mice were divided into two experimental treatment groups. In the first group, recombinant human 
growth hormone (rhGH) was administered at the onset of the dark cycle of the room in an attempt 
to approximate the circadian release of growth hormone in the experimental animals. A second set 
of animals was treated with continuous infusion of rhGH through Alzet miniosmotic pumps. A 
dose finding study of rhGH administered to scid/scid lit/lit mice established that a lOug rhGH 
injection into the peritoneal cavity of scid/scid lit/lit mice for three consecutive days resulted in 
serum human growth hormone levels between l-2.5ng/ml as measured by the Kallestad 
Quantitope HGH kit (Sanofi Diagnostics, MN). Due to budgetary restraints in this project, the 
target dose of rhGH of 5ng/ml was financially impossible to achieve. 

Group I animals were injected with a daily dose of rhGH of 1.5ug for two weeks and then 
every other day for the duration of the experiment (12 weeks). Serum IGF-1 levels were 
determined with IGF1 By Extraction (Nichols Institute, CA) twice during the 12 week 
experimental period. Group U animals had Alza pumps (model 1002,0.25ul/hr, 14days) surgically 
implanted into the subcutaneous tissue on the posterior thorax of the experimental animals and 
changed every two weeks throughout the duration of the experimental period The pumps were 
loaded with lOOul of rhGH 0.25ug/ml. Serum IGF-1 levels were determined with IGF1 By 
Extraction (Nichols Institute, CA) twice during the 10 week experimental period. 

Northern Analysis for IFG1R 

Total RNA as well as mRNA was probed with P32 labelled DNA probes specific for IGF1 
and IGFR. Probes for IGF1 and IGFR were made from plasmids containing the sequences of 
interest obtained from ATCC (ATCC, Maryland). Unfortunately, these studies were unsuccessful 
due to presumably the very low copy number of IGF1 and IGFR. Alternative strategies were 
developed for their measurement. See next section please. 



RT-PCR Assay for IGF1, IGFR and IGF2 

For this assay, tumor RNA was extracted using the Tri Reagent (Sigma, St. Louis). 
Primer sequences for IGF1, IGFR and IGF2 were constructed as per previously published 
sequences (25). RT-PCR reactions were optimized to produce optimal amplification of the desired 
targets. 

RNA Protection Assay 

From our experience with northern analysis, we hypothesized that the sequences that we 
wished to detect were present in experimental samples in very low copy number. In order to 
quantify IGF1, IGFR and IGF2 under these conditions, and to also quantitiate changes in then- 
copy number under our experimental conditions, an RNA protection assay is in the process of 
being developed. Probes for the protection assay are the nested PCR products obtained from 
above for IGF1, IGFR, and IGF2. The PCR products are cut from the gel and gel purified. Using 
the sense primer only, the PCR product is reamplified, this time with incorporation of P32. 

The RNA protection assay is currently being optimized for all three probes. The specific 
procedures are well detailed (26). 

2.1 METHODS: Specific Aim II 

Specific Aim II;To determine determine the role of IGF-1 in the initiation and/or the 
progression of primary breast cancer growth in a sad/sad mouse model and to correlate 
serum IGF1 with tumor IGF2 and IGFR levels by northern and western analyses. 

Establishment of MCF7R mouse models 

The MCF7R human breast cancer cell line was used in these experiments. MCF7R cells 
are derived from the parental cell line MCF7. MCF7R cells are rendered resistant to 
chemotherapeutic drugs due to upregulation of the multiple drug resistant gene 1 (mdr-1 gene) and 
p-glycoprotein. This cell line was established by gradually forcing MCF7 cells resistant to 
vincristine. It was a gracious gift from Dr. William Hait, Yale University. The animals models 
were established by injection of 1 X 106 MCF7R cells suspended in Matrigel (Becton Dickinson) 
into the mammary fat pad of experimental animals 2 days after the initiation of rhGH 
administration Animals were assessed weekly for development of tumor growth. Tumors were 
measured using Vernier caliper. Tumor volumes at each measurement were calculated using the 
equation 

v=nr2l 

where v is volume, r is the radius of the tumor and / is the length of the tumor. 

When tumor growth in experimental and control animals reached 1X1X 1 cm, the animals were 
euthanized by CO2 anesthesia, the tumors harvested from the animals, and total RNA extracted. 

Selection of experimental animals 

Scid/scid mice, seid lit+/- mice,and säd/säd lit/ait mice were used in this experimental 
aim. NOD scid/scid mice served as true experimental control animals. Scid/scid lit/lit animals are 
animals that have inability to produce gonadatropin hormone releasing hormone and also have 
ineffective production of growth hormone. Because they have decreased production of murine 
growth hormone, they have ineffective production of murine IGF1 (and likely IGF2).  Seid lit+/- 
mice are heterozygotes for the lit/lit mutation. 

Administration of human IGF-1 to experimental animals 

Mice were treated with human IGF-1 (Bachem,CA) by continuous infusion via Alza 
miniosmotic pumps (Alza pump model number 1002). Prior to beginning the experimentation, a 
dose finding study of IGF-1 in the scid/scid lit/lit was performed. In this experiment it was 
determined that approximately 2000ng IGF-1 administered daily for three days resulted in a serum 



level if IGF1 of 128 ng/ml as measured by IGF-1 By Extraction Kit (Nichols Institute Diagnostics 
,CA). The anticipated target dose initially planned upon was 200ng/ml. Because of financial 
restraints a daily delivered dose approximating a serum value of 65 ng/ml was delivered 

Alza pumps (model 1002,0.25ul/hr, 14days) were surgically implanted into the 
subcutaneous tissue on the posterior thorax of the experimental animals and changed every two 
weeks throughout the duration of the experimental period. The pumps were loaded with lOOul of 
human IGF1,50ng/ul. Serum IGF-1 levels were determined with IGFIBy Extraction (Nichols 
Institute, CA) twice during the 10 week experimental period 

Northern Analysis for IGFR 

Please see specific details in Specific Aim I. 

RT-PCR Assay for IGF1, IGFR and IGF2 

See specific details in Specific Aim I. 

RNA Protection Assay 

See specific details in Specific Aim I. 

2.1 METHODS Specific Aim m 

Specific Aim III: Tn determine the dose of 17-ß estradiol administration critical to tumor 
engraftment and progression of growth in scid/scid mice that have an impaired GH/IGF-1 
axis and if exogenous 17-ß estradiol can futher enhance tumor growth in animals 
administered optimal concentrations IGF-1 and/or rhGH. 

In order to achieve this goal scid/scid lit/lit mice treated with rhGH or IGF-1 were further 
subgrouped to recive 17-ß estradiol or a placebo pellet. Estradiol pellets (Innovative Research of 
America) were implanted into the subcutaneous tissue of the posterior neck with a trochar. Time 
to the development of a palpable tumor mass and tumor volume was measured with Vernier 
calipers and measured as described above. IGF-I and IGF-R levels in experimental tumors is 
determined by northern and western analyses and compared to levels obtained from scid/scid lit/lit 
mice +/- 17-ß estradiol not receiving rhGH or IGF-1 supplementation. 

Northern Analysis for IFG1R 

Please see detailed procedures in Specific Aim I. 

RT-PCR Assay for IGF1, IGFR and IGF2 

See detailed procedures in Specific Aim I. 

RNA Protection Assay 

See detailed procedures in Specific Aim I. 

2.1 METHODS: Specific Aim IV 

Specific Aim 4: To grow primary breast cancer explants in the optimized animal model. 

This experimental aim will be explored during Year II of this research project. The goal 
of this experimental aim is to demonstrate that primary human breast cancer explants can be 
grown and sustained in the optimized animal model developed in Aims 1-3. Human breast 
carcinomas are obtained from patients undergoing surgery in the operating suites at the Maine 
Medical Center and are immediately transferred to the laboratory in Earle's minimal essential 
medium (MEM) for processing Samples from each tumor are retained for routine pathologic 
analysis at Maine Medical Center. In addition, specific notation is made of primary tumor size, 
nuclear grade, axillary lymph node status, the presence or absence of estrogen and progesterone 
receptors, ploidy and S-phase analysis (this information is readily available after routine 



pathologic analysis of the tumor at Maine Medical Center). The tumor is dissected free of necrotic 
tissue and 2X2 mm tumor chunks are cut with a clean scalpel. Experimental animals are 
anesthetized with 600 ul intraperitoneal injection of Avertin (1.6 gm tribromoethanol/ml ternary 
amyl alcohol in 80 ml sterile saline). Under sterile conditions, an incision is made in the skin of 
the chest wall. A tumor chunk is carefully placed in the region of the mammary fat pad. The 
incision is closed with Clay Adams staples. One week after surgery staples are removed. Animals 
are checked twice weekly for any evidence of primary tumor engraftmentment and growth. 
Tumor measurements and tumor volumes will be scored as described in Specific Aim I. 

2.2 RESULTS 

Specific Aims IA and ni: Growth of MCF7R cells in scid/scid mice with or without bolus 
rhGH and 17 ß estradiol. 

Table 1: Tumor measurements in NOD scid/scid mice exposed to bolus rhGH 
and/or 17-ß estradiol 

Figure I: The effect of bolus rhGH and 17-ß estradiol on MCF7R tumor cell 
engraftment and growth in NOD scid/scid mice 

Table II: Tumor measurements in TghGH scid/scid mice 

Figure II: MCF7R tumor cell engraftment and growth in TghGH scid/scid mice 

Table Ul: Tumor measurements in scid/scid lit/lit mice exposed to bolus rhGH 
and/or 17-ß estradiol 

Figure ni: The effect of bolus rhGH and 17-ß estradiol on MCF7R tumor cell 
engraftment and growth in scid/scid lit/lit mice 

Table IV: Tumor measurements in scid/scid lit+/- mice exposed to bolus rhGH 
and/or 17-ß estradiol 

Figure IV: The effect of bolus rhGH and 17-ß estradiol on MCF7R tumor cell 
engraftment and growth in scid/scid lit+/- mice 

These Tables and Figures are posted and the end of the References section. 

Specific Aims IB and HI: Growth of MCF7R cells in scid/scid mice with or without 
continuous infusion rhGH and 17-ß estradiol 

Table V: Tumor measurements in NOD scid/scid mice exposed to continuous 
infusion rhGH and/or 17-ß estradiol 

Figure V: The effect of continuous infusion rhGH and 17-ß estradiol on MCF7R 
tumor cell engraftment and growth in NOD scid/scid mice 

Table VII: Tumor measurements in scid/scid lit/lit mice mice exposed to 
continuous infusion rhGH and/or 17-ß estradiol 

Figure VII:        The effect of continuous infusion rhGH and 17-ß estradiol on MCF7R 
tumor cell engraftment and growth in scid/scid lit/lit mice 
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Table VIII:        Tumor measurements in scid/sdd lit+/- mice mice exposed to 
continuous infusion rhGH and/or 17-ß estradiol 

Figure VIII:       The effect of continuous infusion rhGH and 17-ß estradiol on MCF7R 
tumor cell engraftment and growth in scid/sdd lit+/- mice 

These Tables and Figures are posted and the end of the References section. Please note that there is no Table VI. This is 
intentional. Thank-you. 

Specific Aims II and ID: Growth of MCF7R cells in scid/scid mice with or without 
continuous infusion human IGF1 and 17-ß estradiol. 

Table IX: Tumor measurements in NOD sdd/scid mice mice exposed to 
continuous infusion human IGF1 and/or 17-ß estradiol 

Figure IX: The effect of continuous infusion human IGF1 and 17-ß estradiol on 
MCF7R tumor cell engraftment and growth in NOD scid/sdd mice 

Table X: Tumor measurements in scid/scid lit/lit mice exposed to continuous 
infusion human IGF1 and/or 17-ß estradiol 

Figure X: The effect of continuous infusion human IGF1 and 17-ß estradiol on 
MCF7R tumor cell engraftment and growth in scid/scid lit/lit mice 

Table XI: Tumor measurements in scid/scid lit+/- mice exposed to continuous 
infusion human IGF1 and/or 17-ß estradiol 

Figure XI: The effect of continuous infusion human IGF1 and 17-ß estradiol on 
MCF7R tumor cell engraftment and growth in scid/scid lit+/- mice 

These Tables and Figures are posted and the end of the References section. 

Figure XII:        Nested RT-PCR assay for IGF-1 demonstrating amplification of IGF1R 
from MCF7R tumor cells 

Figure XHI:      Nested RT-PCR assay for IGF-1 demonstrating amplification of IGF2 
from MCF7R tumor cells 

Figure XV:        Initial attempt to develop and RNA protection assay for IGF1R 

2.3 DISCUSSION 

Bolus rhGH administration and MCF7Rtumor cell growth in vivo'. In evaluation of 
the tumor growth curves displayed in Figures I-IV, 17-ß estradiol alone is most efficient 
in stimulating in vivo tumor cell engraftment and growth When rhGH is given in bolus 
fashion, it appears to inhibit some of the growth stimulatory effects of 17-ß estradiol. 
This is evident most significantly at 5-9 weeks into this study. These observations 
suggests that rhGH may be stimulating not only the release of growth stimulatory 
proteins such as IGF1, but a substance(s) that is growth inhibitory. 

When rhGH is given alone to animals, there is some growth advantage over 
control animals. This could be due to IGF1 induction or induction of another growth 
stimulatory protein. It however, can not stimulate MCF7R growth as efficiently as 17-ß 
estradiol alone. 

In animals that are transgenic for human growth hormone, the average tumor 
volumes at any given time-point are larger than in NOD sdd/scid. This becomes most 
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apparent after approximately 8-9 weeks post tumor cell injection. The increase in 
average tumor volumes may in fact be directly attributable to the presence of growth 
hormone or more likely other factors. If this was attributable to growth hormone alone, 
one would expect NOD scid/scid animals supplemented with rhGH to have similar tumor 
volumes. What is striking in TghGH scid/scid mice is that animals supplemented with 
17-ß estradiol have significantly increased tumor growth in comparison to TghGH 
scid/scids not supplemted with 17-ß estradiol. This once again suggests that in this 
animals model, 17-ß estradiol is the more important growth factor involved in tumor 
engraftment and progression. 

In lit/lit mice there is lack of endogenous growth hormone releasing hormone 
(ghrh) therefore little if any endogenous murine growth hormone is synthesized in these 
animals. The full effect of human growth hormone in the xenograft model should be 
observed in this animal model. The first observation that is made in this set of 
experiments is that average tumor volume on any specific week of experimentation is 
smaller in tit/lit animals than in any of the other experimental animals. Significant tumor 
formation did not occur until week number 8 (contrasted to week 6 in NOD scid/scid 
mice). As in NOD scid/scid mice, the animals supplemented with 17-ß estradiol only 
resulted in best MCF7R tumor cell engraftment. With no murine IGF1 available in this 
experimental animal, this suggests that estrogen alone resulted in the upregulation of 
tumor-made peptides that resulted in cellular proliferation Again in this model, the 
supplementation of rhGH to the experimental animals resulted in the blunting of cellular 
proliferation induced by 17-ß estradiol. Human growth hormone supplemented animals 
had a modest increase in tumor growth but the statitical significance of this is 
questionable. 

Continuous infusion rhGH administration and MCF7R tumor cell growth in vivo: 
Data displayed in Figures V-VHI documents the growth of MCF7R breast cancers in 
immunodeficient scid/scid mice exposed to rhGH administered by continuous infusion. 
The growth hormone was administered through an alza miniosmotic pump placed in the 
subcutaneous tissue of the mouse. It appears that continuous infusion of rhGH results in 
no signtificant alteration of tumor growth in these animal models in comparison to 
animals treated in the bolus fashion. Molecular studies that are currently pending will 
further elucidate if significant changes in IGF1, IGF2 and IGFR occurred amongst the 
various treatment groups. 

Continuous infusion human IGF-1 administration and MCF7Rtumor cell growth in 
vivox In all three types of experimental scid/scid mice, the exogenous administration of 
human IGF-1 resulted in (1) the development of a primary tumor earlier than in control 
animals and (2) increased and sustained tumor growth over time until the experiment was 
concluded at 9 weeks post tumor cell injections. The addition of estrogen to animals 
receiving IGF1 did not appear to further enhance tumor cell engraftment and growth over 
IGF1 alone. Clearly, in-vitro observations that have been made by others that identify 
IGF1 as a mitogen and growth stimulatory protein are evident in vivo in these 
experiements. 

RT-PCR assays for IGF1, IGF2 and IGFR: IGF2 and IGFR have been successfully 
amplified from all tumor tissues studied thus far in experimental Aim I (Figure XII and 
XHI). Tissues from Aim II and HI are awaiting processing and will be studied during this 
next funding period. For IGF2 and IGFR there appear to be no gross differences in the 
presence of the growth factor and receptor when animals were exposed to estrogen, rhGH 
or a combination of the two. For discreet measurements of IGF2 and IGFR levels under 
the various experimental conditions, the RNA protection assay is in the process of being 
optimized (Figure XIV). The original plan was to achieve these quantitations through 
northern or western analysis, however, at least in the IGFR situation, the copy number is 
too low for detection by northern analysis. 

ia 



IGF1 thus for has not been successfully amplified from MCF7R control cells 
from tissue culture or any of the tumor explants studied. This has been documented by 
others for the MCF7 cell line (27). We will continue to look for IGF1 expression in 
tumors exposed to the growth factors under investigation in this work, however, based on 
current results, it is unlikely present or present only in ver low copy number. Whether 
any of the experimental conditions evaluated in this study have the capacity to alter IGF1 
tumor expression will be determined as more tumor specimens are studied 

3.0 CONCLUSIONS 

In experiments performed to date, it is questionable as to whether rhGH alone or in conjunction 
with estrogen has a significant role in the primary development of breast cancer in an animal model or 
the progression of tumor growth in the animal model. The addition to growth hormone may actually 
be semi-inhibitory to growth of tumors dependent upon estrogen for growth and maintenance. 
Molecular studies measuring IGF1, IGF2, and IGFR expression in animals treated with rhGH either by 
daily bolus or continuous infusion are currently in progress in this laboratory. From these experiments, 
more may be gleaned about rhGH and its role in the regulation and expression of the tumor IGF1, 
IGF2 and IGFR. 

The administration of human IGF1 to animals injected with MCF7R tumor cells clearly enhances 
not only the time to development of a palpable primary tumor but also has a role in sustaining tumor 
growth and size over and above what has been achievable with estrogen alone. Clearly from the in 
vivo data presented here, the presence of human IGF1 may be critical to the successful development of 
breast cancer xenograft models. The effect of human IGF1 on tumor IGF1, IGF2 and IGFR is 
currently under evaluation in this laboratory on tumor specimens obtained from the experimental 
animals. Hopefully these studies will further elucidate IGF1 's importance as a growth factor in these 
animal models. 

Over the next year in this laboratory, primary tumors from patients under care at Maine Medical 
Center, will be place into the scid/scid mouse model and supplemented with IGF1 to establish if our 
preliminary results can be applied to the development of new xenograft models. 

The initial statement of work presented to the army for completion of this work is displayed in the 
appendices to this document. The work will be completed as planned There have been some delays 
to quantification of tumor growth factors due to the fact that northern analyses proved to be incapable 
of accurate quantifications for IGFR 
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FIGURE XII 
Nested RT-PCR Assay for IGFR From Tumor Samples Obtained From Animals 

Treated With Bolus rhGH 
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FIGURE XIII 
Nested RT-PCR Assay for IGF 2 From Tumor Samples Obtained From 
Animals Treated With Bolus rhGH 
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FIGURE XIV 

Initial Attempt To Develop RNA Protection Assay For IGFR 
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APPENDIX 



STATEMENT OF WORK 
Technical Objectives (Specific Aims) 1-3 

Taskl: Months 1-4: 

Task 2: Months 1-4: 

Task 3: Months 5-8: 

Task 4: Months 5-8: 

Task 5: Months 5-8: 

Task 6: Months 9-12: 

Task 7: Months 9-12: 

Task 8: Months 9-12: 

Task 9: Months 13-16: 

Implant MCF-7R tumor cells into experimental 
animals 
Initiate experiments in Aim 1 with rhGH given by 
bolus or continuous infusion. 
Measure serum levels of GH. 

Synthesize probes for detection of hGH and IGF-1 
for use in northern and western analyses. 
Test probes for efficacy on positive and negative 
control specimens. 

Implant MCF-7R tumor cells into experimental 
animals. 
Initiate experiments in Aim 2 with IGF-1 
Measure serum levels of IGF-1 

Determine if additional dose levels of rhGH could 
optimize results. If so, set-up experimental animals 
to repeat experiments in Aim 1 at higher or lower 
dose of rhGH. 

Perform northern and western analyses on tumors 
from animals in Specific Aim 1. Probe with GH 
probe. 

Implant MCF-7R tumor cells into experimental 
animals. 
Initiate experiments in Aim 3 with IGF-l/17-ß 
estradiol. 

Determine if additional dose levels of IGF-1 could 
optimize experimental results. If so, set-up 
experimental animals to repeat experiments in Aim 
1 at higher or lower dose of IGF-1. 

Perform northern and western analyses on tumors 
from animals in Specific Aim 2. with IGF-1 probe. 

Perform northern and western analyses on tumors 
from animals in Specific Aim 3. Probe with IGF-1 
probe. 



Task 10: Months 13-16: 

Task 11: Months 13-20 

Repeat any experiments in Aims 1-3 that could help 
to further optimize the experimental model 

Perform northern and western analyses on animals 
studied in Task 4,7. 

Task 12: Months 15-24: Implement optimized experimental parameters in 
animal model. Begin implanting primary breast 
cancers into optimized animal model. 


